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(57) Abstract 

Four-stroke internal combustion engine with electrically operated inlet and exhaust valves (9, 11) and means for supplying a 
homogeneous fuel/air mixture to the engine cylinders (1). The valves are controlled by a control unit (15), which, within a lower rpm 
range, closes the exhaust valve (11) before the piston (4) has reached its upper dead center point. Under the effect of trapped residual gas, 
a temperature increase is achieved, which results in compression ignition of the fuel/air mixture. The control unit (15) controls the exhaust 
valve (1 1), so that the amount of residual gases in the cylinders at the closing of the exhaust valves is greater at low loads and high rpm 
than at high loads and low rpm, in order to control the ignition delay in this manner. 
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Method of Controlling the Process of Combustion in an Inter- 
nal Combustion Engine, and Engine with Means for Controlling 
the Engine Valves. 

The present invention relates to a method of controlling the combustion process in 
5 the combustion chamber in a four-stroke internal combustion engine with at least 
one cylinder having at least one inlet valve and at least one exhaust valve, compris- 
ing supply of a homogeneous fuel/air mixture to the combustion chamber and com- 
pression of the mixture to self-ignition. 

10 The invention also relates to a four-stroke internal combustion engine with at least 
one cylinder having at least one inlet valve and one exhaust valve, means for 
supplying a homogeneous fuel/air mixture to the cylinder combustion chamber and 
control means for at least varying the degree of opening of the exhaust valve. 

15 In compression ignition of a homogeneous fuel/air mixture, so-called HCCI (Homo- 
geneous Charge Compression Ignition) in a four-stroke internal combustion engine, 
a homogeneous diluted (with extra air or residual gas) fuel/air mixture is compres- 
sed to self-ignition. The advantage of this compared to first compressing the inlet air 
and then injecting fuel into the combustion chamber (the diesel process) is that the 

20 entire fuel/air mixture burns simultaneously and not successively as when a flame 
front propagates through the combustion chamber from a sparkplug or injector. 
This creates a homogeneous temperature in the combustion chamber, which in turn 
makes it possible to achieve, for example in an unthrottled Otto-engine at partial 
load, the efficiency of the diesel engine but without the high nitrogen oxide and par- 

25 tide emissions of the diesel engine. The nitrogen emissions can be reduced from ca. 
1000 ppm to as little as 10-20 ppm. The particle emissions of the diesel engine can 
be reduced to the same level as those of the Otto-engine. The difficulty is, however, 
to control the combustion since it is kinetically controlled. If the mixture is too rich, 
the energy released will be too rapid (knocking), and if it is too lean, ignition will be 

30 made impossible. In an HCCI Otto-engine with gasoline as fuel, a high and control- 



WO 00/28197 PCT/SE99/01928 

2 

led temperature is required to achieve self-ignition, and this can be achieved with 
high compression ratio and/or by heating the inlet air. In an HCCI diesel engine with 
diesel oil as fuel, lower temperatures are required than with a normal diesel engine, 
which means that the compression ratio must be lowered. 

5 

The difficulty up to now in HCCI engines has been to control the ignition delay 
(the cylinder temperature) in such a manner that the combustion is positioned cor- 
rectly about the top dead centre at various rpmrs and loads, and this has greatly re- 
duced the range of use of such engines. Especially, control problems during tran- 
10 sients, where the cylinder temperature must be checked from one cycle to the next, 
have limited the range of use of HCCI engines to generators, for example, where the 
drive unit operates with very small variations in rpm and load. 

The purpose of the present invention is to achieve a method of controlling the tem- 
15 perature in the cylinders in an HCCI engine, so that the ignition time will be correct 
at various engine speeds and loads, thereby making it practically possible to use 
HCCI engines in motor vehicles, thereby reducing their fuel consumption and emis- 
sions. 

20 This is achieved according to the invention by virtue of the fact that the exhaust 
valve during the exhaust stroke of the piston is controlled so that it, at least within 
a lower rpm range, closes before the piston has reached its upper dead center point, 
the degree of opening of the valve being varied, depending on engine load and rpm 
so that the amount of residual gas at closing of the valve is greater at low loads and 

25 high rpm than at high loads and low rpm, to thereby vary the ignition delay by vary- 
ing the degree of dilution of the fuel/air mixture with residual gases in the combus- 
tion chamber. 

Complete freedom of valve control, so that the opening and closing times can also 
30 be freely controlled from cycle to cycle, can be achieved by using electromagnetic- 
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ally operated valves. The amount of residual gases which determine the temperature 
in the combustion chamber and thus the ignition time, can be regulated in this man- 
ner within a broad interval, within which the temperature increases the earlier the 
exhaust valve is closed. 

5 

In order to prevent increase in engine pump work (pump losses), according to a 
further development of the method according to the invention, the inlet valve is so 
controlled during the inlet stroke of the piston, that, at least within said lower rpm 
range, it opens a certain number of crankshaft degrees after the upper dead center 
10 point of the piston, the degree of opening being varied relative to the degree of 
opening of the exhaust valve, to reduce residual gas pressure in the combustion 
chamber to the inlet air pressure. 



An HCCI engine which must be able to operate within a wide rpm range, e.g. with 
15 an upper limit of about 6000 rpm, is preferably equipped with an ignition system 
which is controlled so that it is deactivated within said lower rpm range, the upper 
limit of which can lie between 3000 and 4000 rpm. When this limit is exceeded, the 
ignition system is activated at the same time as the control of the exhaust and inlet 
valves is changed to normal engine operation, i.e. the exhaust valve is controlled so 
20 that it closes after the piston, during the exhaust stroke, has reached its upper dead 
center, at the same time as the inlet valve is controlled so that it begins to open be- 
fore the exhaust valve is completely closed. The same applies at high load and low 
rpm, since otherwise the rate of combustion will be too high as the degree of dilu- 
tion is reduced. 

25 

An internal combustion engine of the type described by way of introduction, which 
is to be controlled in the above described manner, is characterized in that the control 
means are so arranged to control the exhaust valve during the exhaust stroke of the 
piston, that the valve, at least within a lower rpm range, closes before the piston has 
30 reached its upper dead center point, and that the degree of opening of the valve is 
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varied, depending on the engine load and rpm, so that the amount of residual gases 
in the combustion chamber at the closing of the valve is greater at lower loads and 
higher rpm than at higher loads and lower rpm. 

5 The method according to the invention will be described below with reference to the 
accompanying drawings, where Figs. 1-4 show schematically a cylinder with asso- 
ciated piston in a four-stroke internal combustion engine, and Figs. 5-7 show vari- 
ous valve control diagrams. 



10 In Fig. 1, 1 designates a cylinder in the engine block of a four-stroke internal com- 
bustion engine, which in the example shown is an Otto-engine, having a sparkplug 2 
projecting into the combustion chamber 3. The cylinder 1 has a piston 4, which is 
connected via a connecting rod 5 to a throw 6 on the crankshaft 7. The combustion 
chamber 3 has an inlet 8 for supply of fuel/air mixture. An inlet valve 9 is arranged 

15 in the inlet port of the combustion chamber. An exhaust valve (not shown) is 
arranged in an outlet port to the exhaust conduit. 

The opening and closing of the inlet and exhaust valves 9 and 1 1 are electromag- 
netically controlled with the aid of electromagnetic devices 12 and 13, respectively. 

20 The valves can be of a type which is known per se with a valve spindle, joined to a 
metal disc located between two electromagnets. The electromagnets are magnetized 
alternatingly and the metal disc is drawn towards that magnet which is momentarily 
magnetized. With electromagnetically controlled valves of this known type, the de- 
gree of opening of the valves can be freely controlled, both from cycle to cycle and 

25 for individual cylinders. The sparkplug 2 is joined to an ignition system 14 with a 
control unit, into which, i.a., signals representing engine rpm and accelerator pedal 
position are fed for controlling the ignition as a function of engine rpm and load. 
The electromagnets of the valves 9,1 1 are controlled by a control unit 15, into which 
there is fed a signal from a sensor (not shown), which directly or indirectly measures 



WO 00/28197 PCT/SE99/01928 

5 

the pressure P in the cylinder chamber, and/or a signal representing the ion flow. 
This signal can be obtained with the sparkplug as a sensor. 



Figs. 1-4 show HCCI operation, i.e. the ignition system is deactivated and ignition 
5 of the fuel/air mixture supplied to the combustion chamber 3 is effected by self- 
ignition during compression of the mixture. Fig. 1 illustrates the position EC of the 
plunger when the exhaust valve 1 1 closes during the exhaust stroke, at low load and 
high rpm within the low rpm range, i.e. up to ca. 3000 - 4000), while Fig. 2 shows 
the position IO of the piston when the inlet valve 9 opens during the inlet stroke 

10 under the same operating conditions. Figs. 3 and 4 show in a corresponding manner 
the piston position EC and IO at higher load and lower rpm. In Figs. 5-7, EO desig- 
nates exhaust open, EC exhaust closed, IO inlet open and IC inlet closed. Fig. 5 
shows the valve times at low load and high rpm while Fig. 6 shows the correspond- 
ing times at high load and low rpm. At a given load, rpm and ratio between air and 

15 fuel in the fiiel/air mixture, a shorter ignition delay (earlier ignition start) is obtained 
the earlier the exhaust valve closes, because the amount of trapped hot residual 
gases will in this case increase in the combustion chamber. By feeding back the ion 
stream signal or the pressure sensor signal, the opening and closing of the valve can 
be regulated so that the combustion can be correctly positioned during HCCI opera- 

20 tion within the entire lower rpm range. 

When the rpm exceeds the upper limit of the lower rpm range, e.g. ca. 4000 rpm for 
a passenger car with a top end rpm of ca. 6000 - 8000 rpm, the valve control is 
switched to normal Otto-engine operation, i.e. with said valve overlap, as shown in 
25 Fig. 7, at the same time as the ignition system is activated. The same is true when 
the engine load exceeds 50-70% of the maximum engine load. 

The degree of opening of the valves can in principle be regulated in two manners for 
controlling the amount of residual gas during the exhaust stroke or during the pres- 
30 sure reduction during the inlet stroke. Either the length of stroke of the valves can be 
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constant and the times for closing the exhaust valve and opening the inlet valve can 
be varied, as illustrated in Figs. 1-4, or the length of stroke of the valves can be var- 
ied and the opening time can be constant or they can be controlled with a combina- 
tion of the two methods. 

5 

With an Otto-engine in HCCI operation, an efficiency can be obtained correspond- 
ing to that of a normal diesel engine, but without the particle emissions of the diesel 
engine. Even a diesel engine can be run in HCCI operation with corresponding con- 
trol of the valves. Double fuel injectors are required in this case, however, viz. 
10 firstly, injectors for injecting fuel into the inlet tube for HCCI operation within a 

lower rpm range, and, secondly, injectors for direct injection at normal diesel opera- 
tion within the rpm range thereover. Furthermore, devices are required for switching 
the fuel injection. 



15 



Variable valve control can also be obtained with other means than electromagnets. 
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Claims 



1 . Method of controlling the combustion process in the combustion chamber (3) of 
a four-stroke internal combustion engine with at least one cylinder (1) having at 

5 least one inlet valve (9) and one exhaust valve (1 1), comprising supply of a ho- 

mogeneous fuel/ air mixture to the combustion chamber, and compression of the 
mixture to self-ignition, characterized in that the exhaust valve (11) during the 
exhaust stroke of the piston (4) is controlled so that it, at least within a lower rpm 
range, closes before the piston has reached its upper dead center point, the de- 
10 gree of opening of the valve being varied, depending on engine load and rpm so 

that the amount of residual gas at closing of the valve is greater at low loads and 
high rpm than at high loads and low rpm, to thereby vary the ignition delay by 
varying the degree of dilution of the fuel/air mixture with residual gases in the 
combustion chamber. 

15 

2. Method according to claim 1, characterized in that the inlet valve (9), during 
the inlet stroke of the piston (4), is controlled so that it, at least within said rpm 
range, opens a certain number of crankshaft degrees after the upper dead center 
point of the piston, the opening angle being varied in relation to the opening 

20 angle of the exhaust valve (1 1), to reduce the residual gas pressure in the com- 

bustion chamber (3) to the inlet pipe air pressure. 



3. Method according to claim 1 or 2 for controlling the combustion process in an 
internal combustion engine with means (2) for spark ignition of the fuel/air 
25 mixture in the combustion chamber (3), characterized in that the spark ignition 

means (2) are kept deactivated within said lower rpm range and are activated ) 
when the engine rpm exceeds the upper limit of the lower rpm range, and that the 
exhaust valve (11) within the upper rpm range is controlled so that it closes after 
the piston (4), during the exhaust stroke, has reached its upper dead center point. 



30 
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4. Method according to claims 2 and 3, characterized in that the exhaust valve 
(11) and the inlet valve (9) are controlled so that the inlet valve begins to open 
before the exhaust valve has completely closed. 

5. Method according to one of claims 1- 4, characterized in that electromagnets 
(12,13) are used to control the valves (9,1 1). 

6. Method according to one of claims 1-5, characterized in that gasoline is used as 
fuel. 

7. Four-stroke internal combustion engine with at least one cylinder (1) having at 
least one inlet valve (9) and one exhaust valve (11), means for supplying a ho- 
mogeneous fuel/air mixture to the combustion chamber (3) of the cylinder, and 
control means (15) for at least varying the degree of opening of the exhaust valve 
(11), characterized in that the control means (15) are so arranged to control the 
exhaust valve (11) during the exhaust stroke of the piston (4), that the valve, at 
least within a lower rpm range, closes before the piston has reached its upper 
dead center point, and that the degree of opening of the valve is varied, depend- 
ing on the engine load and rpm, so that the amount of residual gases in the com- 
bustion chamber at the closing of the valve is greater at low loads and higher 
rpm than at high loads and lower rpm, to thereby vary the ignition delay by 
varying the degree of dilution of the fuel/air mixture with residual gases in the 
combustion chamber. 

8. Engine according to claim 7, characterized in that the control means (15) are so 
arranged to control the inlet valve (9) during the inlet stroke of the piston (4), 
that the valve, at least within said lower rpm range, opens first after a certain 
number of crankshaft degrees after the upper dead center point of the piston, and 
that the opening angle is varied in relation to the opening angle of the exhaust 
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valve, to reduce the residual gas pressure in the combustion chamber to the inlet 
air pressure. 

9. Engine according to claim 7 or 8, characterized in that the valves (9,1 1) have 
electromagnetic means (12,13), which are connected to a control unit (15), 
which controls the valve operating means in response to various signals fed into 
the control unit. 



10. Engine according to claim 9, characterized in that the control unit (15) is con- 
nected to an ion stream signal sensor arranged in the combustion chamber (3), a 
tachometer and a pressure sensor. 

1 1. Engine according to claim 9, characterized in that the control unit (15) is con- 
nected to a pressure signal transducer. 

12. Engine according to one of claims 7-12 with an ignition system comprising at 
least one sparkplug (2) for each cylinder (1) and an ignition control device (14), 
which is connected to a tachometer and to an accelerator pedal position sensor, 
characterized in that the ignition control device (14) is disposed to keep the 
sparkplug (2) deactivated within said lower rpm range and to activate the spark- 
plug when the engine speed exceeds the upper limit of the lower rpm range, and 
that the control unit (15) of the valves (9,1 1) is disposed to control the valves 
within the upper rpm range, so that the inlet valve (9) begins to open before the 
exhaust valve (1 1) has completely closed. 
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